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1.0

1.1

Introduction

This Chapter gives an overview of the purpose for the Guidelines, background information on
their origin, the development of this revised edition, and a description of the document’s
organization.

Purpose and Intent of the Guidelines

Residences located near airports and military air installations experience many economic benefits
from the facility, but are unfortunately exposed to aircraft noise, sometimes resulting in
significant adverse impacts. However, using proper construction techniques and materials
minimizes the impact of aircraft noise and reduces interference with regular indoor activities. The
Guidelines provide a comprehensive overview of sound insulation techniques for homeowners
and builders concerned with modifying an existing home or constructing a new one that
incorporates sound insulation principles. They also give guidance to planning, zoning and
building code officials who may want to incorporate zoning overlays and model building codes
for residences near airports and military air installations.

This publication is concerned with the sound insulation of homes, apartments, and nursing
homes, both existing and new. Sound insulation programs may include public buildings such as
schools and churches. The techniques described here can be applied to non-residential buildings
up to a point, but institutional and commercial structures usually have different building
elements (such as window-wall structures), different mechanical systems and different building
code requirements that must be met. For those reasons, the Guidelines are only recommended for
residential buildings.

The Guidelines seek to provide clear, unambiguous direction that is practical and can be
implemented with minimal additional cost. However, construction quality is especially important
for maintaining the acoustical integrity of a design. For example, a good window that has been
installed improperly will allow a significant amount of noise into the building. High-quality
construction standards are absolutely essential for these techniques to work effectively. Similarly,
because all building elements must work together to reduce noise intrusion; if some of the
guidance offered here is used but other elements are neglected, the overall benefit may be
substantially reduced.

The intent of the Guidelines is to address a wide range of common building types, and give
practical, cost-effective measures to reduce noise impacts. Sound insulation treatments have been
developed to account for: (1) the variety of construction materials and methods used in new and
existing houses, and (2) the need to provide a noticeable improvement in indoor noise levels. The
techniques described here were tested through simulations on prototypical rooms and have been
carefully analyzed to ensure their acoustical effectiveness. The measures have also been field-
tested on thousands of homes being renovated through federally funded airport noise mitigation

1-1
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programs. However, because no general text can provide the kind of specific guidance that is
required for actual construction, users of the Guidelines may wish to seek professional assistance
when undertaking sound insulation in their own homes, as a commercial enterprise, or within a
community noise mitigation program.

In general, there are no safety factors built into the recommendations in this report, except to the
extent that homes are grouped into 5 dB ranges of outdoor noise exposure. The recommendations
provided in this guide are based on the predicted average performance of rooms in houses.
However, there is inherent variability in the acoustical performance of different buildings, both
well above and well below the average. When greater precision is desired or to evaluate
conditions not covered in this document, consult with a qualified acoustical consultant, or use the
recommendations for the next higher noise zone. To ensure that the recommended measures
comply with the building codes consult with a qualified architect.

The recommendations in this document are based on an average of many types of aircraft. Noise
levels inside homes due to specific aircraft will differ from those for average aircraft. The amount
of low-frequency or high-frequency energy produced by the aircraft plays a significant role in
determining overall outdoor and indoor noise levels. For example, noise levels inside homes
exposed only to aircraft arrivals, which produce less low-frequency noise, will be slightly lower
than those inside homes exposed to both arrivals and departures. Also, the frequency content of
military jet aircraft differ from that of civilian jet aircraft, as does the frequency content of jet and
propeller aircraft. The recommendations contained in these Guidelines are based on calculations
using the frequency content of military jet operations. For more recommendations at houses
impacted predominantly by propeller aircraft, helicopters, or civilian jet aircraft see Section 3.4.

This report does not address special low-frequency problems such as vibration and rattling,
vibration-induced noise, or noise-induced vibration.

Background

Aircraft noise has been recognized as a community problem since at least the 1960s when jets
became common at commercial airports. Acousticians and architects began developing methods
to sound insulate homes with the first airport-sponsored program in 1967 at Los Angeles
International Airport. Since then, literally tens of thousands of American homes have been
modified to reduce interior noise. There was a need to condense this knowledge and practical
guidance into a form that is usable by the average homeowner, as well as by building
professionals and concerned local and military officials.

In the late 1980s, the US Dept. of the Navy and the Federal Aviation Administration (FAA) jointly
commissioned the preparation of Guidelines for Sound Insulation of Residences Exposed to Aircraft
Operations. That document was completed in 1989 and, after initial release internal to those two
agencies, was published more broadly in October 1992 by the Dept. of Transportation as
Publication DOT/FAA/PP 92-5.
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Over the course of the decade following the initial release, the Navy and FAA received feedback
that the Guidelines, while very useful, needed revision in some elements. Areas of concern
included simplifying the methods used to specify treatments and materials and updating the cost
information. To address these weaknesses, the Navy has sponsored a substantial update to the
Guidelines, preserving the basic functionality but revising both the approach to prescribing
treatments and the costs for implementing them.

Major changes from the original version include:

» A revised organization wherein the main text serves as a concise overview of the
material and much of the technical material is given in appendices,

» Recommendations are made on a room-by-room basis for existing homes and on a
whole house basis for new construction,

» The inclusion of Sound Transmission Class rather than Exterior Wall Rating for
specifying building products,
» The costs have been updated to reflect 2004 values, and

» Calculations performed using the specific frequency content of various types of
aircraft.

Document Organization

Chapters two through five take the user through a step-by-step process to learn how to sound
insulate a room, a house, or a group of homes. The appendices provide additional information of
interest to various users, depending on their role in sound insulation efforts.

Chapter 2 - Noise Reduction Requirements - Information is given on how to determine the
noise reduction required for a home, based on the DNL zone. Goals are established for reducing
noise to an acceptable level inside the house. Typical sound insulation characteristics of standard
construction are discussed as well as the factors that influence sound insulation in general.

Chapter 3 - Sound Insulating Existing Homes - The types of rooms to be insulated are identified
and look-up tables are provided for sound insulation treatments in existing homes.

Chapter 4 - Sound Insulating New Homes - Look-up tables give the treatments required to
achieve the level of noise reduction needed in new homes.

Chapter 5 - Sound Insulation Costs - Estimates are given for the cost of construction in existing
rooms and new homes, as well as cost multipliers for different regions of the country.

Appendix A - New Home Floor Plans - Floor plans for 21 prototype homes are given in
Appendix A. These are the homes for which modifications are specified in Chapter 4.
Homeowners, builders and program managers may find this information useful.
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Appendix B - Basic Concepts - Appendix B contains a discussion of basic acoustics concepts
such as how sound travels, how sound insulation works and how aircraft noise impacts residents.
This appendix will be of general interest to all users of the Guidelines.

Appendix C - Sound Insulation Methods - Information is given on how to design and specify
sound insulation treatments and what to look for during construction to see that the designs are
implemented correctly to achieve the acoustical goals listed in Chapter 2. This appendix will be of
interest to homeowners, architects, engineers, builders/developers, and building inspectors.

Appendix D - Model Building Code - A model building code that has been developed for the
communities surrounding an air installation, which predominantly has military jet aircraft,
provides sample language to include in a zoning ordinance or building code to incorporate sound
insulation requirements. This model building code would have to be adapted considering the
predominant aircraft at the specific air installation, the prevalent local building methods, and
state and local building code requirements. This appendix will be of interest to planning and
zoning officials, building inspectors, and builders/developers.

Appendix E - Manufacturers and Suppliers - A list of sources for acoustically-rated products
gives contact information that will be of interest to homeowners, architects, engineers, and
builders/developers.

Appendix F - Testing Laboratories - A list of laboratories tells where products can be tested to
determine their acoustical performance. This appendix will be of greatest interest to architects and
engineers specifying or approving products as well as manufacturers of products.

Appendix G - Glossary - Definitions of a wide variety of acoustical and sound insulation terms
are given in this appendix. The glossary will be of general interest to all users of the Guidelines.

Appendix H - Bibliography - A list of references is given that indicates where to go for more
information. This appendix will be of general interest to all users of the Guidelines.

Supplemental Computer Program

The recommendations and cost estimates contained in Chapters 3, 4, and 5 are for a variety of
existing rooms and prototypical new houses. However, it is not feasible to address every possible
room or house type. To supplement this document, a computer program was developed that
enables the user to input the style of room construction and determine the recommended scope
and approximate cost of sound insulation. This program is on the disk in the front of this report.
To obtain an additional copy of this program, contact the regional Naval Facilities Engineering
Command office near you:
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NAVAL FACILITIES ENGINEERING COMMAND OFFICES

NAVFAC Headquarters, Washington
Navy Yard, Washington, DC

Contact: Alan Zusman
E-mail: alan.zusman@Navy.mil
Telephone: (202) 685-9181

NAVFAC Atlantic, Norfolk, VA

Contact: Fred Pierson
E-mail: Fred.Pierson@Navy.mil
Telephone: (757) 322 4935

NAVFAC Southwest Division,
San Diego, CA

Contact: Robert Henderson
E-mail: Robert.K.Henderson@Navy.mil
Telephone (619) 532 1622

NAVFAC Southern Division,
Charleston, SC

Contact: Richard Jolly
E-mail: Richard.Jolly@Navy.mil

Telephone: (843) 820 5889
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2.0

2.1

Noise Reduction Requirements

This chapter discusses various aspects of determining the noise reduction goals for a residence.
Basic goals for mitigating aircraft noise are introduced in Section 2.1. Then, Section 2.2 explains
how to determine the level of noise to which a home is exposed. This is followed by a discussion
of interior noise guidance in Section 2.3 and information on how well typical dwellings meet this
guidance in Section 2.4. Finally, Section 2.5 provides information on how sound insulation
treatments will be specified in the Guidelines.

Mitigating Aircraft Noise

Aircraft noise is disturbing to people because of several different factors. First, the sound may
include a combination of low frequency rumble and higher-pitched whine from jet engines, the
throbbing of helicopters, or the steady, annoying buzz of smaller aircraft. Second, unlike highway
noise which is generally constant and may fade into the background, each aircraft overflight is
likely to be recognized as a distinct event, calling attention to itself when it interrupts speech or
some other activity.

Individuals differ in their response to noise. In an aircraft noise-affected neighborhood, a number
of residents may be very annoyed by aircraft overflights, while quite a few others may not. If
properly implemented, the recommendations in the Guidelines will reduce noise inside the home
to levels that most people would find acceptable. Aircraft noise will still be discernible; sound
insulation is not sound elimination. People will know that an aircraft is passing overhead but,
with implementation of the techniques outlined in this document, the noise in most cases should
not interfere with normal daily indoor activities. However, individuals who are most sensitive to
noise may continue to be annoyed. Overall, the number of people who perceive unacceptable
indoor noise levels can be significantly reduced by the use of proper renovation and construction
techniques.

Sound insulation of homes and schools has proven to be very effective at mitigating adverse noise
impacts across the country. For this reason, many civilian airports undertake sound insulation
programs, often with the assistance of federal funds under the authority of the FAA in the form of
matching grants. While most users of the Guidelines are anticipated to be homeowners and
building professionals, information is also given for local officials considering a residential sound
insulation program.

2-1
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2.3

Aircraft Noise Exposure Zones

Communities near military air installations and joint-use facilities are exposed to varying levels of
noise depending on how close they are to the air installation and whether or not they experience
direct overflights on a regular basis. Generally, the closer a house is to a flight corridor, the louder
the noise will be. Military airfields and civilian airports typically document the levels of noise
exposure around their facility using computer-generated noise contours. These contours may be
obtained from the airfield or airport, or depending on the community, from other sources such as
the local public library or the department of planning and zoning. The contours usually represent
the average, annual noise exposure due to all flight operations and take into account the number
of flights, the types of aircraft, the flight tracks they use, and whether the flights occur during the
day or at night. Nighttime noise, defined as that occurring after 10 PM and before 7 AM, is
counted more heavily in the noise calculations because it is more intrusive than daytime noise.

In most parts of the US, noise contours are depicted in terms of the Day Night Average Sound
Level, or DNLL In California, a similar metric is used, the Community Noise Equivalent Level, or
CNEL. Regardless of whether DNL or CNEL is used, the noise contours are generally shown as
“noise footprints” on the ground in levels such as 60 dB, 65 dB, 70 dB, 75 dB and so on. The higher
the number, the greater the noise level.

Interior Noise Reduction Goals

The DoD and other Federal agencies have determined that noise exposure below 65 dB DNL (or
65 dB CNEL) is generally compatible with residential development. At 65 dB and higher,
however, homes may need varying levels of sound insulation treatment to ensure that noise
levels inside the house are sufficiently reduced, should local governments approve residential
development in these areas at and above 65 dB. To determine the correct level of acoustical
treatment, it is necessary to determine in which noise exposure zone the house is located. This is
simply a matter of finding the house location on a noise contour map, such as the one shown in
Figure 2-1, and noting whether the house is outside the 60 dB contour line, between the 60 and 65
dB lines, between the 65 and 70 dB lines, between the 70 and 75 dB lines, between the 75 and 80
dB lines or inside the 80 dB line. Once the noise exposure zone is determined, the interior noise
reduction goals can be established and the treatments specified. The tables in the Guidelines that
prescribe treatments have columns for each of these noise zones.

1 See Appendix B for a more complete explanation of DNL and CNEL.
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60

65

70 Dry Lake
75 Runway

80 Proposed Runway

85 Road
Figure 2-1. Sample Noise Contour Map

The Environmental Protection Agency (EPA) and the Federal Aviation Administration (FAA)
have established an interior DNL goal of 45 dB. This is based on the assumption that when the
exterior DNL is 65 dB, and a building provides 20 dB of outdoor-to-indoor noise level reduction
(NLR), activity interference for most people is minimal2. While the Department of Defense (DoD)
does not specify an interior noise goal, they do provide guidance that the NLR be at least 25 dB
for homes located between the 65 and 70 dB DNL noise contours, and 30 dB for homes located
between the 70 and 75 dB DNL noise contours. This is equivalent to providing guidance that the
DNL not exceed 45 dB indoors. Reducing the DNL to this level through sound insulation will
reduce the interior noise levels to a level where aircraft noise no longer interferes with daily
activities such as watching TV, talking on the phone, or sleeping.

The land-use compatibility table shown in Table 2-1 was issued by the Chief of Naval Operations
(OPNAVINST 11010.36B, Dec. 2002). The Air Force and FAA use similar tables. This table
specifies the outside-to-inside NLR to be provided for various land uses such as residences,
hospitals and others, by noise impact zone. The table refers to DNL but the guidance applies to

2See Appendix B for an explanation of NLR.
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CNEL as well without adjustments. For example, Table 2-1 recommends that a home exposed to a
DNL of 65 to 70 dB should provide at least 25 dB of NLR and a home exposed to a DNL of 70 to
75 dB should provide at least 30 dB of NLR. These are the NLRs that would result in an interior
DNL of 45 dB. The use of other NLR goals may be appropriate in some cases, especially if a noise
metric other than DNL or CNEL is used for a particular area or if there are special concerns.

For sound insulating existing homes there should be two acoustical goals: the target NLR, and
the reduction in noise level. The target NLR can be found in Table 2-1, possibly in local zoning
ordinances, or from an acoustical consultant. Typically, homes are only sound insulated if the
interior noise level could be reduced significantly; a 5 dB reduction in noise level is generally
considered significant. The recommended modifications in Section 3 include the NLR goal
corresponding to the noise zone, as well as this 5 dB reduction. For example a room exposed to an
outdoor DNL of 70 dB would have a target NLR of 25 dB. But if the existing NLR is 22 dB, the
room should be designed to achieve an NLR of 27 dB. For this reason two similar rooms could
have dramatically different recommended modifications in the lower noise zones.

The outdoor DNL, the NLR, and the 5 dB reduction goal discussed above are all based on A-
weighted sound levels (see Appendix B). By definition A-weighted sound levels are more based
on middle- and high-frequency sound than on low-frequency sound. Therefore, the
recommended measures in this report are not focused on low-frequency noise mitigation. If the
home is exposed only to strong low frequency noise, as would be the case when aircraft primarily
depart away from a home located near the end of a runway, additional noise control measures
would be appropriate. Some types of aircraft produce more low-frequency noise than others. For
recommendations relating to aircraft type see Section 3.4.

2-4
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Table 2-1. Air Installations Compatible Use Zones Suggested Land Use Compatibility In Noise Zones

Suggested Land Use Compatibility
Land Use
Noise Zone 1 Noise Zone 2 Noise Zone 3
( DNL or CNEL) ( DNL or CNEL) ( DNL or CNEL)
SLUCM LAND USE NAME <55 55- 64 65 - 69 70-74 75-79 80-84 85+
NO
Residential
11 Household Units Y Y1 N1 N1 N N N
11.11 Single units: detached Y Y1 N1 N1 N N N
1112 Sing}e units: Y Y1 N1 N1 N N N
semidetached
11.13 f(i)r‘llagle units: attached Y Y1 N1 N1 N N N
11.21 Two units: side-by-side Y Y1 N1 N1 N N N
Two units: one above the Y1 N1 N1
11.22 other Y N N N
11.31 Apartments: walk-up Y Y1 N1 N1 N N N
11.32 Apartment: elevator Y Y1 N1 N1 N N N
12 Group quarters Y Y1 N1 N1 N N N
13 Residential Hotels Y Y1 N1 N1 N N N
14 Mobile home parks or Y Y1 N N N N N
Courts
15 Transient lodgings Y Y1 N1 N1 N1 N N
16 Other residential Y Y1 N1 N1 N N N
20 Manufacturing
21 Food & kindred products; Y Y Y Y2 Y3 Y4 N
Manufacturing
2 Textile mill products; Y Y Y Y2 Y3 Y4 N
Manufacturing
23 Apparel and other Y Y Y Y2 Y3 Y4 N
finished products;
products made from
fabrics, leather and
similar materials;
manufacturing
Lumber and wood products Y Y Y Y2 Y3 Y4 N
24 (except furniture);
manufacturing
Furniture and fixtures; Y2 Y3 Y4
25 manufacturing M M M N
26 Paper and allied Y Y Y Y2 Y3 Y4 N
products; manufacturing
27 Printing, publishing, Y Y Y Y2 Y3 Y4 N
and allied industries
Chemicals and allied Y2 Y3 Y4
28 products; manufacturing M Y Y N
29 Petroleum refining and related Y Y Y Y2 Y3 Y4 N
industries
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Table 2-1. Air Installations Compatible Use Zones Suggested Land Use Compatibility In Noise Zones - continued

Suggested Land Use Compatibility

Land Use
Noise Zone 1 Noise Zone 2 Noise Zone 3
( DNL or CNEL) ( DNL or CNEL) ( DNL or CNEL)
;L(;’CM LAND USE NAME <55 55- 64 65 - 69 70-74 75-79 80-84 85+
30 Manufacturing (continued)
31 Rubber and misc. Y Y Y Y2 Y3 Y4
plastic products; N
manufacturing
32 Stone, clay and Y Y Y Y2 Y3 Y4 N
glass products;
manufacturing
33 Primary metal Y Y Y Y2 Y3 Y4 N
products;
manufacturing
34 Fabricated metal Y Y Y Y2 Y3 Y4
products; N
manufacturing
35 Professional Y Y Y 25 30 N N

scientific, and
controlling instruments;
photographic and
optical goods;

watches and clocks

39 Miscellaneous Y Y Y Y2 Y3 Y4 N
manufacturing

40 Transportation, communication and utilities

41 Railroad, rapid rail Y Y Y Y2 Y3 Y4 N
transit, and street
railway
transportation

42 Motor vehicle Y Y Y Y2 Y3 Y4 N
transportation

43 Aircraft Y2 Y3 Y4
transportation Y M Y N

44 Marine craft Y Y Y Y2 Y3 Y4 N
transportation

45 Highway and street Y Y Y Y2 Y3 Y4 N
right-of-way

46 Automobile parking Y Y Y Y2 Y3 Y4 N

47 Communication Y Y Y 255 305 N N

48 Utilities Y Y Y Y2 Y3 Y4 N

49 Other Y Y Y 255 305 N N
transportation,
communication and
utilities

50 Trade

51 Wholesale trade Y Y Y Y2 Y3 Y4 N
Retail trade - Y Y Y Y2 Y3 Y4

52 building materials, N
hardware and farm
equipment

53 Retail trade - shopping Y Y Y 25 30 N N
centers

54 Retail trade - food Y Y Y 25 30 N N
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Table 2-1. Air Installations Compatible Use Zones Suggested Land Use Compatibility In Noise Zones - continued

Suggested Land Use Compatibility
Land Use - - :
Noise Zone 1 Noise Zone 2 Noise Zone 3
( DNL or CNEL) ( DNL or CNEL) ( DNL or CNEL)
;L(;JCM LAND USE NAME <55 55- 64 65 -69 70-74 75-79 80 -84 85+
50 Trade (Continued)
Retail trade — Y Y Y 25 30 N N
55 automotive, marine craft,
aircraft and accessories
56 Retail trade — apparel and Y Y Y 25 30 N N
accessories
Retail trade - furniture,
57 home, furnishings and Y Y Y 25 30 N N
equipment
58 Retail trade — eating and drinking Y Y Y 25 30 N N
establishments
59 Other retail trade Y Y Y 25 30 N N
60 Services
61 Finance, insurance and real estate Y Y Y 25 30 N N
services
62 Personal services Y Y Y 25 30 N N
62.4 Cemeteries Y Y Y Y2 Y3 Y 4,11 Y 6,11
63 Business services Y Y Y 25 30 N N
63.7 Warehousing and storage Y Y Y Y2 Y3 Y4 N
64 Repair Services Y Y Y Y2 Y3 Y4 N
65 Professional services Y Y Y 25 30 N N
65.1 Hospitals, other medical Y Y1 25 30 N N N
fac.
65.16 Nursing Homes Y Y N1 N1 N N N
66 Con;ract construction v v 25 30 N N
services
67 Government Services Y Y1 Y1 25 30 N N
68 Educational services Y Y1 25 30 N N N
69 Miscellaneous Y Y Y 25 30 N N
70 Cultural, entertainment and recreational
71 Cultural activities (& churches) Y Y1 25 30 N N N
71.2 Nature exhibits Y Y1 Y1 N N N N
72 Public assembly Y Y1 Y N N N N
72.1 Auditoriums, concert halls Y Y 25 30 N N N
7211 Outdoor music shells, Y Y1 N N N N N
amphitheaters
722 Outdoor sports arenas, spectator Y Y Y7 Y7 N N N
sports
73 Amusements Y Y Y Y N N N
74 Recreational activities Y Y1 Y1 25 30 N N
(include golf courses,
riding stables, water
rec)
75 Resorts and group camps Y Y1 Y1 Y1 N N N
76 Parks Y Y1 Y1 Y1 N N N
79 Other cultural, Y Y1 Y1 Y1 N N N
entertainment and
recreation
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Table 2-1. Air Installations Compatible Use Zones Suggested Land Use Compatibility In Noise Zones - conduded

Suggested Land Use Compatibility
Land Use _ _ _

Noise Zone 1 (DNL or | Noise Zone 2 ( DNL or Noise Zone 3 ( DNL or CNEL)

CNEL) CNEL)
SLUCM
NO LAND USE NAME <55 55- 64 65 -69 70-74 75-79 80-84 85+
80 Resource Production and Extraction
81 Agriculture (except live stock) Y Y Y8 Y9 Y10 Y 10,11 Y 10,11
81.5, Livestock farming Y Y Y8 Y9 N N N
81.7 Animal breeding Y Y Y8 Y9 N N N
82 Agriculture related activities Y Y Y8 YO Y10 Y 10,11 Y 10,11
83 Forestry Activities Y Y Y8 Y9 Y10 Y 10,11 Y 10,11
84 Fishing Activities Y Y Y Y Y Y Y
85 Mining Activities Y Y Y Y Y

Other resource

89 production or extraction M M M M M M

SLUCM

Y (Yes)

N (No)

Yx(Yes with Restrictions)

Nx (No with exceptions)

NLR (Noise Level
Reduction)

25, 30, 04 35

DNL

CNEL

Ldn

Standard Land Use Coding Manual, U.S.
Department of Transportation

Land Use and related structures compatible without restrictions.

Land Use and related structures are not compatible and should be
prohibited.

The land use and related structures are generally compatible. However,
see note(s) indicated by the superscript.

The land use and related structures are generally incompatible.
However, see notes indicated by the superscript.

Noise Level Reduction (outdoor to indoor) to be achieved through
incorporation of noise attenuation into the design and construction of
the structure.

The numbers refer to Noise Level Reduction levels. Land Use and
related structures generally compatible however, measures to achieve
NLR of 25, 30 or 35 must be incorporated into design and construction
of structures.

However, measures to achieve an overall noise reduction do not
necessarily solve noise difficulties outside the structure and additional

evaluation is warranted. Also, see notes indicated by superscripts
where they appear with one of these numbers.

Day-Night Average Sound Level.

Community Noise Equivalent Level (Normally within a very small
decibel difference of DNL)

Mathematical symbol for DNL.
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Notes For Table 2-1. Suggested Land Use Compatibility In Noise Zones

a) Although local conditions regarding the need for housing may
require residential use in these Zones, residential use is discouraged in
DNL 65-69 and strongly discouraged in DNL 70-74. The absence of viable
alternative development options should be determined and an
evaluation should be conducted locally prior to local approvals
indicating that a demonstrated community need for the residential use
would not be met if development were prohibited in these Zones.

b) Where the community determines that these uses must be allowed,
measures to achieve and outdoor to indoor Noise Level Reduction (NLR)
of at least 25 dB in DNL 65-69 and NLR of 30 dB in DNL 70-74 should be
incorporated into building codes and be in individual approvals; for
transient housing a NLR of at least 35 dB should be incorporated in DNL
75-79.

c) Normal permanent construction can be expected to provide a NLR
of 20 dB, thus the reduction requirements are often stated as 5, 10 or 15
dB over standard construction and normally assume mechanical
ventilation, upgraded Sound Transmission Class (STC) ratings in
windows and doors and closed windows year round. Additional
consideration should be given to modifying NLR levels based on peak
noise levels or vibrations.

d) NLR criteria will not eliminate outdoor noise problems. However,
building location and site planning, design and use of berms and barriers
can help mitigate outdoor noise exposure NLR particularly from ground
level sources. Measures that reduce noise at a site should be used
wherever practical in preference to measures that only protect interior
spaces.

2. Measures to achieve NLR of 25 must be incorporated into the
design and construction of portions of these buildings where the public is
received, office areas, noise sensitive areas or where the normal noise
level is low.

3. Measures to achieve NLR of 30 must be incorporated into the
design and construction of portions of these buildings where the public is
received, office areas, noise sensitive areas or where the normal noise
level is low.

4. Measures to achieve NLR of 35 must be incorporated into the
design and construction of portions of these buildings where the public is
received, office areas, noise sensitive areas or where the normal noise
level is low.

5. If project or proposed development is noise sensitive, use indicated
NLR; if not, land use is compatible without NLR.
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Notes For Table 2-1. Suggested Land Use Compatibility In Noise Zones - concluded

6. No buildings.

7. Land use compatible provided special sound reinforcement
systems are installed.

8. Residential buildings require a NLR of 25.

9. Residential buildings require a NLR of 30.

10. Residential buildings not permitted.

11. Land use not recommended, but if community decides use is

necessary, hearing protection devices should be worn.

2.4

The Guidelines are targeted at rooms where people spend extended periods of time engaged in
activities such as speaking, watching TV or sleeping. These noise-sensitive rooms, referred to as
the “habitable rooms” or “living spaces”, include living rooms, kitchens, family rooms, dining
rooms, and bedrooms. Typical residential building design and construction methods, even those
that are thermally efficient, are normally inadequate to protect occupants from external noise that
may interfere with their activities, especially in the higher noise zones. In non-habitable rooms
such as bathrooms, garages, mudrooms, and breezeways, higher noise levels may be tolerated
and standard design and construction methods can typically be used. However, if the non-
habitable room opens directly to a habitable room without interior doors in between, it may be
necessary to apply sound insulation techniques to the non-habitable room in order to protect
adjacent spaces.

Typical Dwelling Noise Reduction

A typical home exposed predominantly to military jet operations incorporating standard designs
and built with standard materials might provide 20 to 30 dB of NLR when the windows and
doors are kept closed if the home is in good condition. In contrast, an acoustically well insulated
home can provide 30 to 35 dB of NLR. (In either case, a house with the windows open will be
much noisier). Providing more than 35 to 40 dB of NLR is not usually practical for a residence.

As discussed in Chapters 3 and 4, the NLR of any given room or house depends significantly on
the characteristics of the room and on the construction of the house. The more windows and
doors there are in a room, and the larger these openings are, the more noise will enter. In general,
brick is a better sound insulator than siding; small windows allow less noise transmission than
large ones of the same construction; solid core or heavy doors protect better than hollow, light-
weight doors; and there is a benefit from reducing the number of openings such as through-wall
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2.5

ventilators, mail slots, and chimneys. Cathedral or vaulted ceilings allow more noise in than do
ceilings with attic spaces above; basements and crawlspaces allow noise to pass through where a
slab foundation would have blocked it. All of these factors, and many more, have been taken into
account in the analyses and recommendations of Chapters 3 and 4.

Specifying Building Materials for Sound Insulation

The following chapters recommend modifications to existing homes or design changes to new
homes in order to meet the noise reduction goals outlined above. In order to articulate the
requirements for the windows, doors, and other building materials to be used, it is necessary to
understand how acoustical performance is specified. The Guidelines use the most common
descriptor of acoustical performance, Sound Transmission Class, or STC. The STC rating of a
window, door or other building assembly indicates how well the product or assembly blocks
sound. The higher the STC value, the better it protects against sound transmission.

Manufacturers send their products to independent acoustical testing laboratories to document the
STC rating of their windows and doors. Appendix E lists some manufacturers of acoustically-
rated products, and Appendix F lists several testing laboratories.

STC ratings have been determined for a large number of building elements, as well as for
assemblies of elements. The tables prescribing acoustical treatments in Chapters 3 and 4 give STC
ratings for recommended windows and doors. Generally, windows and doors specified in the
Guidelines have STC ratings of 24 to 46, with the higher ratings required in higher noise zones.

One characteristic that is central to effective sound insulation must be stressed: all building
elements must work together in a balanced manner to reduce noise intrusion. Combining strong
windows with an acoustically-weak door will allow significant noise into the home. Therefore, it
is important to apply all of the modifications recommended in the packages of Chapters 4 and 5
to meet the noise reduction goals. Leaving out one part may compromise the effectiveness of all
the others.
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3.0

3.1

Sound Insulating Existing Homes

This chapter approaches an existing home as a collection of rooms in order to specify the set of
recommended modifications, or treatments, that will meet the interior noise goals discussed in
Chapter 2. Recommended treatments are given on a room-by-room basis. All the information
needed to develop a balanced combination (“package”) of sound insulation treatments for an
existing home is given here (new homes are discussed in Chapter 4). Estimated costs for these
treatments are given in Chapter 5.

Section 3.1 explains how rooms differ from one another. Section 3.2 includes a table defining 75
types of rooms covering a wide range of room configurations encountered. Specific guidance for
each room type, organized by noise impact zone, is given in Section 3.3. Instructions for dealing
with special conditions are given in Section 3.4.

Since the construction of houses varies so much throughout the country a computer program was
developed to complement this document. This program, included on the disk in the front of this
report, can be used to determine the approximate scope and cost to sound insulate a room. To
obtain an additional copy of this program contact the regional Naval Facilities Engineering
Command office near you (see Section 1.4 for contact information).

Room Variations

The noise level of different rooms in a house depends on two factors, the noise entering from the
outside and the sound absorption within the room itself. The exterior sound is transmitted
through the perimeter building elements (depending on their construction) and is further
modified by the absorption inside the room to determine the interior noise level. For example,
upholstered furniture, drapes, and carpeting absorb sound and reduce the noise level. For this
reason, a bedroom or living room with carpeting and soft furniture is likely to be quieter than a
kitchen having all hard surfaces. The recommendations that follow are based on the assumption
that rooms would be normally furnished and that noise levels would be evaluated approximately
six feet from the exterior walls.

As might be anticipated, only perimeter walls - those facing the outside - allow noise from the
exterior to enter. A room with two perimeter walls will have more noise intrusion than a room
with only one perimeter wall. Similarly, for a room of a given size, the number and type of
windows and doors will greatly affect the noise transmission from the outside. Generally, more
noise passes through windows and doors than enters through walls and ceiling/roof assemblies.
Also, rooms protected by an upper story will generally be quieter than rooms that have a roof or
attic above them. All these factors influence the noise level in the room, the type of sound
insulation treatments that would be recommended to improve the noise reduction, and the cost of
sound insulation.

3-1
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3.2

Room Types

A large number of typical rooms are defined and modifications given room-by-room so that a
composite set of recommendations can be developed for almost any existing house. Rooms are
described and differentiated based on the following factors:

» Exterior wall construction (masonry, siding on wood frame, stucco on wood frame),

» Openings and penetrations (through-wall or in-window fans or air conditioners,
Jalousie windows)

» Number of exterior walls,

» Type of room (e.g., bedroom, kitchen, living),
» Number and type of doors,

» Roof and ceiling construction, and

» Number of windows.

Each room has a specific identification (ID) code that is keyed to the treatments. Different rooms
are described in Table 3-1 and are given ID codes. Once this ID code is known, the user can turn
to Section 3.3 which gives modifications for each of these room types by ID code and noise impact
zone. Section 3.2 may be used in sequence with the tables of Section 3.3 for each room in the
house, first identifying the type of room to be analyzed and then finding the modifications that
are recommended for that room.

To use Table 3-1, first choose the construction of the outside wall(s) of the particular room. If a
room has more than one wall type, use the acoustically weaker category (appearing first in
Table 3-1). “Siding” includes wood, vinyl, aluminum, asbestos, cement board, asphalt shingles, or
any other type of siding, shakes, or shingles on wood frame construction. The data used in this
report is an average for insulated and uninsulated wood frame walls. If your walls are
uninsulated, modifications might be appropriate in lower noise zones even if none are indicated
in Table 3-2. Conversely, if your walls are insulated some of the modifications in low noise zones
may be unnecessary. “Siding/Paneling” indicates sided walls as above, except that the interior
side of the walls have light (wooden or synthetic) paneling on studs with no drywall or plaster
behind them. “Brick/Block/ICF” indicates that there are bricks, concrete blocks, or Insulating
Concrete Forms (ICF) in the wall, regardless of the type of exterior or interior finish. ICF consists
of approximately two-inch thick foam forms with approximately four inches of normal weight
concrete poured between them. “Stucco/Studs” indicates Stucco or Exterior Insulation and Finish
Systems (EIFS) that is applied onto a wood frame, not onto masonry. EIFS consists of a thin
(approximately 1/8”) stucco application on approximately one- to two-inch thick foam panels.
The calculations used to develop this report used an average of acoustical data for thin and thick
stucco. For rooms with thin stucco it would be appropriate to use slightly more stringent
modifications than indicated in Table 3-2. “Block/Siding” is used for Basement Dens or
Recreation rooms to indicate that while most of the room is concrete block or buried concrete
walls, sometimes a half buried basement will have some wood frame sided walls above ground
level. Note that room identifier numbers (ID codes) are given at the left side of the table.

3-2
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Table 3-1. Existing Room Types and ID Codes

Step 1 Step 2 Step 3 Step 4 Step 5
Wwall Type Doors”
and Misc. Wall Exterior Room Sliding Hinged Number of
ID Code Openings' Walls Type Glass Door Doors Roof/Ceiling Notes Windows™3
Siding with Thin Paneling on Studs (with no masonry)
1 A/C, VRF 1 Bed/Den No No Attic above with a drywall or plaster ceiling 1
2 A/C, VRF 2 Living/Family No 1+ Full story above 3
3 None 2 Bed/Den No No Attic above acoustic tile ceiling 2
4 None 3 Sun Room No 1 Vaulted ceiling 4
5 None 3 Sun Room 1 No Attic above with a drywall or plaster ceiling 6
Siding with Gypsum Board or Plaster on Studs (with no masonry)
6 A/C, VRF 1 Living/Family No No Full story above 2
7 A/C, VRF 1 Living/Family 1 No Full story above 2
8 A/C, VRF 1 Kit/Din/Break No No Full story above 1
9 A/C, VRF 2 Bed/Den No No Attic above with a drywall or plaster ceiling 2
10 A/C, VRF 2 Bed/Den No No Acoustic tile ceiling, crawl space above. 3+
11 A/C, VRF 2 Living/Family No No Attic above with a drywall or plaster ceiling 2
12 A/C, VRF 2 Living/Family No 1+ Vaulted ceiling with some acoustic tiles 2+
13 A/C, VRF 2 Living/Family 1 No Vaulted ceiling 4
14 A/C, VRF 2 Kit/Din/Break 1 No Full story above 2
15 A/C, VRF 2 Kit/Din/Break No 1 Attic above with a drywall or plaster ceiling 1
16 A/C, VRF 3 Bed/Den No No Vaulted ceiling 4
17 Jalousie 1 Bed/Den No No Open beam roof, no ceiling 2
18 Jalousie 1 Kit/Din/Break No 1 Open beam roof, no ceiling 2
19 Jalousie 2 Bed/Den 1 No Full story above 3
20 Jalousie 2 Living/Family No 1 Attic above with a drywall or plaster ceiling 4
21 Jalousie 3 Sun Room No No Open beam roof, no ceiling 5
22 None 1 Bed/Den No No Attic above with a drywall or plaster ceiling 1+
23 None 1 Bed/Den No No Full story above 2
24 None 1 Living/Family 1 No Attic above with a drywall or plaster ceiling 1
25 None 1 Living/Family No 1 Full story above 2
26 None 1 Kit/Din/Break 1 No Attic above with a drywall or plaster ceiling 1
27 None 2 Bed/Den 1 No Attic above with a drywall or plaster ceiling 1
28 None 2 Bed/Den No No Attic above with a drywall or plaster ceiling 1
29 None 2 Bed/Den No 1+ Full story above 2
30 None 2 Bed/Den No No Attic above acoustic tile 4
31 None 2 Living/Family 1 No Full story above 2
32 None 2 Living/Family No No Vaulted ceiling 3
33 None 2 Living/Family No 1+ Full story above 4+
34 None 2 Living/Family No No Open beam roof, no ceiling 4
35 None 2 Kit/Din/Break No No Attic above acoustic tile 2
36 None 2 Kit/Din/Break No 1+ Full story above 2
37 None 2 Kit/Din/Break 1 No Attic above with a drywall or plaster ceiling 3
38 None 3 Bed/Den No No Vaulted ceiling 2
39 None 3 Bed/Den 1 No Attic above with a drywall or plaster ceiling 6
40 None 3 Living/Family 1 1 Full story above 6
41 None 3 Sun Room 1 No Attic above with a drywall or plaster ceiling 7+
Notes: 1. "A/C, VRF" = Openings in the wall including through-wall or in-window air-conditioners, vented range fans, and

evaporative coolers ("swamp coolers")
2. "+" = with a storm door or storm windows
3. Consider one large window as two windows in this table
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Table 3-1. Existing Room Types and ID Codes - concluded

Step 1 Step 2 Step 3 Step 4 Step 5
Wall Type Doors*
and Misc. Wall Exterior Room Sliding Hinged Number of
ID Code Openings' Walls Type Glass Door Doors Roof/Ceiling Notes Windows®?

Half Concrete Block, Half Siding on Studs
42 Jalousie 3 Sun Room No 1 Open beam roof, no ceiling 10
43 None 1 Bsmt Den/Rec No No 1/2 height buried walls. Full story above 2
44 None 3 Bsmt Den/Rec No No 1/2 height buried walls. Full story above 6
45 None 3 Bsmt Den/Rec No 1 1/2 height buried walls. Full story above 4

Stucco or Exterior | ion and Finish Systems (EIFS) on Studs (with no masonry)
46 A/C, VRF 1 Bed/Den No No Attic above acoustic tile 2
47 A/C, VRF 1 Living/Family No 1 Full story above 3
48 A/C, VRF 1 Kit/Din/Break 1 No Attic above with a drywall or plaster ceiling 2
49 A/C, VRF 2 Bed/Den 1 No Vaulted Ceiling 3
50 A/C, VRF 2 Living/Family 1 1 Open beam roof, no ceiling 3
51 A/C, VRF 2 Sun Room No 1 Full story above 8
52 None 1 Bed/Den No No Full story above 1
53 None 1 Living/Family 1 No Attic above with acoustic tile ceiling 2+
54 None 1 Kit/Din/Break No No Full story above 1+
55 None 2 Bed/Den No No Attic above with a drywall or plaster ceiling 4
56 None 2 Living/Family No 1 Vaulted ceiling with some acoustic tiles 5
57 None 2 Kit/Din/Break No 1 Attic above with a drywall or plaster ceiling 2

Brick, Concrete Block, or Ir ing Concrete Forms (ICF); may have siding or stucco over block
58 A/C, VRF 1 Bed/Den No No Attic above with a drywall or plaster ceiling 1
59 A/C, VRF 1 Living/Family 1 No Vaulted ceiling with some acoustic tiles 2
60 A/C, VRF 1 Kit/Din/Break No 1 Open beam roof, no ceiling 2
61 A/C, VRF 2 Bed/Den 1 No Full story above 3
62 A/C, VRF 2 Living/Family 1 1 Full story above 4
63 A/C, VRF 2 Kit/Din/Break No No Attic above with a drywall or plaster ceiling 1
64 None 1 Bed/Den No No Attic above with a drywall or plaster ceiling 1
65 None 1 Living/Family No No Attic above with a drywall or plaster ceiling 2
66 None 1 Kit/Din/Break No No Full story above 1
67 None 2 Bed/Den No No Full story above 2
68 None 2 Bed/Den No No Attic above acoustic tile 4
69 None 2 Living/Family 1 1 Full story above 0
70 None 2 Kit/Din/Break 1 No Vaulted ceiling with some acoustic tiles 1
71 None 2 Bsmt Den/Rec No No Fully buried, Full story above 0
72 None 2 Bsmt Den/Rec No